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Abstract 
Mangroves are believed to be important nursery habitats for fishes. Assessment of 
the nursery value of mangroves by comparing juvenile fish densities among different 
habitats have usually recorded higher fish densities in mangroves than in 
non-mangroves, although contradictory results have been found in many parts of the 
world. 
In subtropical Asia, fish communities in mangrove habitats have been studied in 
Guangxi and Taiwan. Nevertheless, those studies conducted in Guangxi are 
concentrated in Yingluo Bay, and no comprehensive study has been carried out in 
» 
other places of mainland China, including Hong Kong. Also, those studies 
conducted in Yingluo Bay and Taiwan have not compared the fish densities between 
mangrove and non-mangrove habitats. Therefore, in order to evaluate the nursery 
function of mangrove habitats in Hong Kong and China, comparative study is 
urgently needed. 
In view of this situation, three mangrove and two non-mangrove areas in eastern 
Hong Kong were studied from March 2002 to February 2003. A 35 m beach seine 
with 1 mm mesh size was used to sample fishes at or near low tide. Environmental 
factors, such as water temperature, salinity, turbidity, sediment organic matter (SOM), 
ii 
water depth and sediment grain size, were also recorded at all sampling sites. 
A total of 85,427 fishes belonging to 76 species from more than 29 families 
were collected. Results of the present study show that, generally, tropical systems 
in the Indo-Pacific contain more fish species than Hong Kong. The findings also 
suggest that the fish assemblage in Hong Kong is similar to those in Taiwan. 
Overall, fish densities were higher in mangrove mudflats than in non-mangrove 
habitats, although only a few of the dominant species showed significantly higher 
abundance in mangroves than in non-mangrove habitats. Fish assemblages in 
mangrove and non-mangrove mudflats were also quite similar. Besides, several 
environmental factors, such as SOM and water depth, are also likely to influence the 
fish communities, and the presence of mangrove may not be the most important 
factor to determine the distribution of most species. 
The nursery value of mangrove appears to be site-specific and species-specific. 
Compared to shallow mudflats both with and without mangrove, deep water sandy 
beaches may be less suitable for small juvenile fishes because of their low SOM 
value and high piscivorous fish abundance. More studies have to be conducted 
before a definitive conclusion can be made on the nursery function of mangroves in 
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Chapter 1 General introduction 
Many marine fish studies have been undertaken in Hong Kong in the past (Ni and 
Kwok, 1999). A significant portion of these studies were conducted by government 
authorities such as the Agriculture, Fisheries and Conservation Department, but some 
important studies were also carried out by the academic sectors. In recent years, 
large number of ecological surveys, including fisheries surveys, have been carried 
out by consulting companies as part of environmental impact assessment (EIA). 
Unfortunately, as mentioned in Ni and Kwok (1999), ecological information on 
marine fishes in Hong Kong is still scattered and incomplete. Some of the data are 
considered obsolete, and most of the data documented in government and 
consultancy report are not available to the public. In some cases, data presented in 
EIA reports are not reliable (Dudgeon and Corlett, 2004). 
More recently, several detailed scientific studies on marine fishes in Hong Kong 
have been published. Ni and Kwok (1999) provided the most updated and complete 
fish list for Hong Kong waters. Sadovy and Cornish (2000) described the reef fish 
fauna of Hong Kong and provided valuable information on the biology of reef fishes. 
The Agriculture, Fisheries and Conservation Department has also launched a website 
on marine fishes in Hong Kong waters. However, despite the vast amount of 
1 
documented data, useful information on juvenile fish communities in Hong Kong 
waters is lacking. 
In Hong Kong, the only published scientific information on juvenile fish 
communities is in a consultancy's report entitled “Fisheries Resources and Fishing 
Operations in Hong Kong Waters,, (Environmental Resources Management, 1998). 
It is the first systematic study on fisheries resources in Hong Kong. The locations 
of potential nursery and spawning grounds in Hong Kong waters have been 
identified. Unfortunately, only offshore nursery habitats are included and 
fundamental information, such as recruitment seasonality, is not provided. Indeed, 
no detail investigation has been carried out to assess the nursery values of potential 
nurseries, such as mangroves, in Hong Kong and in the whole subtropical Asian 
region. Also, as pointed out by Chen (2004)，studies related to shore fishes, 
especially brackish water fishes, are scarce in Hong Kong and southern China, and 
such studies could undoubtedly contribute greatly to the ichthyology of the region. 
In view of this situation, the present study was undertaken to investigate 
juvenile fish communities in potential nurseries and to provide valuable data on 
shore fish communities in Hong Kong. This is the first detailed soft shore fish 
study in Hong Kong and the first study aimed specifically to evaluate the nursery 
values of different potential coastal fish nurseries, such as mangroves, in subtropical 
2 
Asia. As overfishing and habitat destruction are continuing to damage the fisheries 
and ecological resources in southern China, studies related to juvenile fish 
communities, such as the present study, are urgently needed. 
In this thesis, basic ecological data such as fish composition in the soft shore 
habitats of Hong Kong are provided in Chapter 2. Data collected in this study are 
compared to those recorded from similar habitats in other geographical regions. 
The nursery function of mangroves and other potential nursery habitats in Hong 
Kong is assessed and discussed in Chapter 3. The current status of these habitats in 
Hong Kong and other general comments on the findings are discussed in Chapter 4. 
Finally, general conclusions are presented in Chapter 5. 
J 
Chapter 2 Fish communities in the shallow soft shores of eastern Hong Kong 
Introduction 
Shallow soft-bottom habitats, such as mangrove, sandy beach and mudflat, are 
considered to be important nursery habitats for fishes worldwide (e.g. Robertson and 
Duke, 1987; Thayer et al.，1987; Bennett, 1989; Whitfield, 1989; Ruiz et al.，1993; 
Laegdsgaard and Johnson, 1995; Harris and Cyrus, 1996; Layman, 2000; Pihl and 
Wennhage, 2002; Weerts and Cyrus, 2002; Nagelkerken and van der Velde, 2002). 
According to many investigators (e.g. Thayer et al., 1987; Ruiz et al., 1993; Laegdsgaard 
and Johnson, 2001), these shallow, nutrient rich and structurally complex environments 
serve as refuges and feeding grounds for many larval and juvenile fishes. 
Information on the fish communities in these important habitats in subtropical 
Asia is scarce. Although studies have been conducted in Taiwan and southern China, 
they are restricted to mangrove and estuarine areas (e.g. He and Fan, 2002; Kuo and 
Shao, 1999). Furthermore, information from southern China are restricted to Yingluo 
Bay. Vance (1999) studied mangrove fishes and crustaceans in a mangrove area in 
Hong Kong. Unfortunately, this is a preliminary report and detail information, such as 
4 
seasonality and precise species composition, are not provided. In Hong Kong, Taiwan 
and mainland China, shallow soft-bottom habitats are degrading at alarming rate as a 
result of pollution, reclamation and habitat destruction (Kuo and Shao, 1999; Tarn and 
Wong, 2000; Zhao and Wang, 2000). Indeed, some soft-bottom habitats in Hong Kong 
have already disappeared (Morton, 1989; Tarn and Wong, 2000). In order to protect 
these important and unique habitats for sustainable development, baseline information 
such as the fish community structure is urgently needed. 
The aim of this chapter is to describe the fish communities in several shallow 
soft-bottom habitats in the eastern part of Hong Kong. Although this kind of study is 
numerous in the western Pacific region, they are mostly restricted to Japan (e.g. Senta 
and Kinoshita 1985; Fujita et al., 2002; Suda et al., 2002)，Taiwan (e.g. Tzeng and Wang, 
1992; Kuo and Shao, 1999; Kuo et al., 1999; Kuo et al., 2001), Yingluo Bay of southern 
China (e.g. Fan et al., 1998; He et al., 2001; He and Fan, 2002), Southeast Asia (e.g. 
Chong et al” 1990; Sasekumar et al., 1992; Tongnunui et al” 2002) and Australia (e.g. 
Robertson and Duke, 1987; Morton, 1990，Laegdsgaard and Johnson, 1995). No study 
has been conducted in subtropical southeastern China. This study, therefore, fills an 
important gap and provides the first detailed information on the fish community 
5 
structure in shallow soft-bottom habitats in subtropical southeastern China. Similarities 
between fish assemblages reported in this study and those recorded in other coastal 
systems are discussed. Since the main objective of this chapter is to describe the fish 
communities, spatial and temporal variations in fish composition and abundance are 
discussed in the next chapter. 
6 
Materials and methods 
The study was conducted at Tolo Harbour and Port Shelter in the eastern part of Hong 
Kong (Fig. 2.1). Formerly a bay with large mangrove area, Tolo Harbour has lost 42% 
of its original mangrove area due to reclamation and urban development (Tarn and 
Wong, 2000), and most of the areas once covered by mangroves have been transformed 
to artificial rocky shore or seawall. In the past decades, Tolo Harbour was affected by 
eutropication and polluted by sewage discharged from the densely populated towns 
along its coast (Morton, 1989). Although slight improvement has been observed in 
recent years, the water quality of Tolo Harbour is still unsatisfactory and harmful algal 
blooms are frequent (EPD, 2003). Unlike Tolo Harbour, Port Shelter is relatively 
undisturbed and it is one of the few coral rich areas in Hong Kong (McCorry, 2002). 
However, the overall mangrove area is still larger in Tolo Harbour than in Port Shelter 
(Tarn and Wong, 2000). 
Fig. 2.1 shows the location of the five study sites chosen for this study. Kei Ling 
Hai Lo Wai (KL), Nam Wai (NW), Wong Chuk Wan (WC) are mangrove mudflats. 
Starfish Bay (SB) and Sha Hai (SH) are non-mangrove mudflat and non-mangrove 















































































































































are located in Port Shelter. All sites in Port Shelter contain small patchy seagrass beds 
formed by stands of Halophila ovata. The dominant mangrove species at all mangrove 
sites is Kandelia obovata. Filamentous algae, Enteromorpha spp., appear in winter and 
spring at NW, KL, WC and SB. Small creeks or artificial freshwater drainages which 
discharge large amount of freshwater during the rainy season are connected to all study 
sites. Tidal pattern of Hong Kong is unequal semi-diurnal and mean tidal range is 
about 1.4 m. 
Fishes were sampled monthly in Tolo Harbour and seasonally in Port Shelter 
from March 2002 to February 2003 using a beach seine (35 m long, 2 m deep, 1mm 
mesh). The seasonal samples were collected in March (spring), July and August 
(summer), October (autumn) and December and January (winter). The beach seine was 
used for fish sampling because it is less selective in shallow water habitats (English et al., 
1997). The net was deployed in shallow water (0.2-1.3 m) in the form of a semi-circle 
and pulled towards the shore by two persons. All samplings were performed at low 
tide during the day to prevent tidal bias. The sampling area per net haul was about 195 
m^. Three replicate hauls were performed at each site in each sampling. Captured 
fishes were immediately preserved in 10% formalin-seawater solution and returned to 
9 
the laboratory for further analysis. Captured seahorses, Hippocampus kuda, were 
transferred to the laboratory for measurement and returned to the sea as soon as possible. 
In the laboratory, the fishes were sorted, identified, counted and weighed. Wet 
weights of the fishes were measured using an electronic balance. Fishes were 
identified to the lowest taxon according to Shen et al. (1993) and Nakabo (2000). Fish 
larvae were identified to the lowest possible taxon according to Leis and Carson-Ewart 
(2000). Some fishes such as mullets and halfbeak were sent to oversea experts, Dr. Ian 
Harrison of the American Museum of Natural History (USA) and Dr. Bruce Collette of 
the National Museum of Natural History (USA), for identification. Most specimens 
were identified to species. A few species were identified to the genus or family level. 
Two unidentified species of fish larvae were referred to as Elopiformes larvae I and 
Elopiformes larvae 2. 
10 
Results 
A total of 85,427 fishes belonging to 76 species in more than 29 families were collected 
from March 2002 to February 2003 (Table 2.1). Among the 76 species, five species 
represent new records for Hong Kong (Table 2.1). In terms of numerical abundance, 
the most abundant families were Ambassidae, Sillaginidae, Mugilidae, Clupeidae, 
Gerreidae, Gobiidae and Sparidae. The ranks of all species are shown in Table 2.2. 
The most abundant species, Ambassis gymnocephalus (Ambassidae), accounted for 
40.41% of the total catch. The second most dominant species, Sillago sihama 
(Sillaginidae), constituted 18.71% of the total catch. Konosirus punctatus (10.43%, 
Clupeidae) was ranked third, following by Lizaparmata (7.84%, Mugilidae), Liza affinis 
(5.62%, Mugilidae), Gerres oyena (3.76%, Gerreidae), Valamugil persuii (2.36%, 
Mugilidae), Pseudogobius javanicus (2.15%, Gobiidae), Acanthopagrus schlegeli 
(1.86%, Sparidae) and Gerres filamentosus (1.12%, Gerreidae). Together, these ten 
most abundant species accounted for 94.26% of the total number of fishes captured. 
The remaining 66 species comprised only 5.74% of the total number of fishes and none 
of these rare species contributed more than 1% to the total catch. 

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 2.2. Abundance and rank of the species caught 
at the five sites in Tolo Harbour and Port Shelter, Hong Kong, 
between March 2002 and February 2003. 
Species/Taxon Number Rank 
Ambassis gymnocephalus 37653 1 
Sillago sihama 14986 2 
Konosirus punctatus 8362 3 
Liza parmata 6277 4 
Liza affinis 4500 5 
Gerres oyena 3012 6 
Valamugil persuii 1887 7 
Pseudogobius javanicus 1722 8 
Acanthopagrus schlegeli 1491 9 
Gerres filamentosus 899 10 
Sillago aeolus 664 11 
Favonigobius gymnauchen 615 12 
Zenarchopterus striga 571 13 
Terapon jarbua 527 14 
Gerres oblongus 503 15 
Mugil cephalus 358 16 
Leiognathus brevirostris 241 17 
Goby 1 203 18 
Acanthopagrus latus 185 19 
Takifugu niphobles 175 20 
Hypoatherina valenciennei 86 21 
Rhabdosargus sarba 62 22 
Valamugil speigleri 57 23 
Liza macrolepis 45 24 
Engraulididae sp. 28 25 
Glossogobius biocellatus 25 26 
Hyporhamphus sp. 1 23 27 
Oreochromis mossambicus 23 27 
Goby 7 22 28 
Tridentiger trigonocephalus 18 29 
Carangoides praeustus 17 30 
17 
Table 2.2. (Cont.). 
Species/Taxon Number Rank 
Istigobius sp. 16 31 
Elopiformes larvae 2 14 32 
Oxyurichthys ophthalmonema 10 33 
Goby 6 9 34 
Caranx ignobilis 8 35 
Platycephalidae sp. 7 36 
Callionymidae sp. 7 36 
Goby 8 7 36 
Goby 9 7 36 
Paracentropogon longispinus 6 37 
Terapontidae sp. 6 37 
Scomberoides lysan 6 37 
Chelonodon patoca 6 37 
Elopiformes larvae 1 6 37 
Hippocampus kuda 5 38 
Sphyraena barracuda 5 38 
Goby 2 5 38 
Lateolabrax japonicus 4 39 
Pelates quadrilineatus 4 39 
Goby 3 4 39 
Goby 10 4 39 
Pseudorhombus arsius 4 39 
Nematalosa nasus 3 40 
Uraspis hehola 3 40 
Lutjanus russellii 3 40 
Upeneus tragula 3 40 
Hyporhamphus sp. 2 2 41 
Lutjanus argentimaculatus 2 41 
Drepane punctata 2 41 
Vieja sp. 2 41 
Liza vaigiensis 2 41 
Sphyraena jello 2 41 
Periophthalmus modestus 2 41 
Mugilogobius abei 2 41 
18 
Table 2.2. (Cont.). 
Species/Taxon Number Rank 
Goby 11 2 41 
Sardinella sp. 1 42 
Trachinocephalus myops 1 42 
Epinephelus coioides 1 42 
Rhynchopelates oxyrhynchus 1 42 
Leiognathus equulus 1 42 
Scatophagus argus 1 42 
Blenniidae sp. 1 42 
Goby 4 1 42 
Goby 5 1 42 
Taenioides sp. 1 42 
19 
species). The second most species-rich family was Mugilidae (7 species). 
Carangidae and Teraponidae ranked third (4 species each). There were four families 
with three species: Clupeidae, Gerreidae, Hemiramphidae and Sparidae, and six families 
with two species: Cichlidae, Leiognathidae, Lutjanidae, Sillaginidae, Sphyraenidae and 
Tetraodontidae. Each of the remaining 15 families, including Ambassidae, the most 
abundant family, was represented by only one species. 
Oreochromis mossambicus and Vieja sp. belong to the Cichlidae, and both species 
are alien freshwater species. 
20 
Discussion 
Fish diversities in coastal areas are believed to be higher in tropical regions than in 
subtropical and temperate regions (Robertson and Blaber, 1992; Blaber, 2000, 2002). 
Moreover, the Indo-West Pacific usually yields more fish species than other 
geographical regions (e.g. Atlantic) (Blaber, 2000，2002). Indeed, fish diversity in the 
East Indies is considered as the richest in the world (Randall, 1998). In order to 
compare the fish diversities in the shallow soft-bottom habitats between Hong Kong and 
other parts of the world, a brief review of the literature was made (Table 2.3). Studies 
conducted in the Indo-West Pacific usually recorded more fish species than those carried 
out in other geographical regions, and the number of species recorded in the present 
study is higher than those found in subtropical eastern Pacific (Warburton, 1978; 
Raz-Guzman and Huidobro, 2002) and tropical and subtropical Atlantic 
(Sheridan, 1992; Vidy, 2000; Barletta et al., 2003; Pessanha and Araujo, 2003; Simier et 
al.，2004). This result seems to concur with the finding of Blaber (2000). However, 
species number obtained in the present work is lower than those recorded in some 

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Mangrove habitats and the coral reef areas in Hong Kong are usually small and patchy 
(McCorry, 2002; Tarn and Wong, 2000). In contrast, the Florida and Caribbean studies 
were conducted in areas with extensive mangrove and/or coral covers (e.g. Thayer et al., 
1987; Louis et al., 1995; Nagelkerken et al., 2000a). Fish assemblages in coastal areas 
are affected by the physical nature, size and heterogeneity of the habitats (Potter, 1990; 
Robertson and Blaber, 1992; Whitfield, 1999; Blaber，2000, 2002). Fish species 
composition in an area may also be affected by habitats in the vicinity (Serafy et al” 
2003). Habitats with larger area and higher heterogeneity usually yield more fish 
species (Robertson and Blaber, 1992; Blaber, 2000，2002; Raz-Guzman and Huidobro, 
2002). These factors may cancel out the geographical effect and explain the higher 
number of fish species in Florida and the Caribbean Sea. 
Hong Kong is located near the Tropic of Cancer. The subtropical location of 
Hong Kong implies that it should contain less fish species than other tropical Indo-West 
Pacific regions and more species than other temperate Indo-West Pacific regions 
(Robertson and Blaber, 1992; Blaber, 2000，2002). Studies offish communities carried 
out in tropical areas of the Indo-West Pacific usually list more than 100 species (Table 
2.3)，indicating that tropical systems in the Indo-West Pacific generally contain more 
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fish species than Hong Kong. However, species numbers reported in some Taiwan (e.g. 
Tzeng and Wang, 1992) and Japan (e.g. Suda et al.，2002) studies are higher than that 
recorded in the current study. Fishing efforts can directly affect the number of fish 
species collected (Suda et al., 2002). Only 56 species were recorded in a preliminary 
survey carried out in the surf zone of Doigahama beach, Japan (Uchida et al” 1998). In 
comparison, a five-year study conducted by Suda et al. (2002) in the same beach yielded 
101 species. Tongnunui et al. (2002) collected 135 species at six sites in Silao Creek, 
Thailand, using different sampling methods. Ikejima et al. (2003), in contrast, recorded 
only 89 species at three sites located in the same creek. Differences in sampling efforts 
may, therefore, explain the higher species numbers recorded in Taiwan and Japan. 
Indeed, among the studies listed in Table 2.3，the highest species number is from a study 
conducted in Taiwan (Kuo and Shao, 1999), and not from studies carried out in the 
tropical Indo-West Pacific. Kuo and Shao (1999) used four different types of gears to 
sample fishes at monthly intervals at five sites for three years. The fishing effort is 
great compared to other studies listed in Table 2.3. As pointed out by Ni and Kwok 
(1999)，more fish species will be discovered in Hong Kong in future studies. Indeed, 
five species recorded in the present study represent new record for Hong Kong (Table 
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2.1, Kwok Kai Yin, personal communication). Undoubtedly, the number of fish 
species recorded in Hong Kong will increase with fishing effort. 
In addition to differences in habitat size, habitat heterogeneity and fishing effort, 
the relatively low fish diversity recorded in the present study may reflect the poor 
ecological condition of Hong Kong's coastal waters. Pollution, habitat destruction, 
extensive reclamation, overfishing and destructive fishing practices have diminished the 
fish diversity in Hong Kong (Lam, 1986; Leung, 1997; Wilson, 1997; Sadovy, 1998). 
Studies conducted in Tolo Harbour showed that the fish diversity in the area was low. 
Severe pollution and habitat destruction are believed to be the main reason for the low 
number of fish species (Chan and Tseng, 1980; Lam, 1986; Leung, 1997). 
Despite the relatively low fish diversity, the dominant fish families recorded in 
the present study are similar to those recorded in other Indo-West Pacific studies (Table 
2.4). In terms of numerical abundance, Ambassidae, Sillaginidae, Clupeidae, Mugilidae, 
Gerreidae, Gobiidae and Sparidae were the most dominant families. These 
families have also been reported as the dominant families in studies conducted in 
tropical, subtropical and temperate Indo-West Pacific regions (Table 2.4). Gerreidae, 






























































































































































































































































































































































































































































































Ambassidae is dominant in some subtropical and tropical regions. The remaining three 
families show a wide range of distribution in the Indo-West Pacific. 
The abundant species reported in the present study are also common in some 
tropical, subtropical and temperate Indo-West Pacific areas. Ambassis gymnocephalus 
dominated the catches of the present study, and it is also dominant in some tropical and 
subtropical regions (Chong, 1990; Robertson and Duke, 1987; Kuo and Shao, 1999; He 
and Fan, 2002). Sillago sihama is a dominant species in Singapore (Hajisamae and 
Chou, 2003) and Taiwan (Kuo and Shao, 1999). Gerres fllamentosus has been 
reported as a common species in Taiwan (Kuo and Shao, 1999), Malaysia (Sasekumar et 
al., 1992) and Thailand (Tongnunui et al., 2002). Pseudogobius javanicus occurs in 
subtropical and tropical Indo-West Pacific regions (Froese and Pauly, 2004; available at: 
www.fishbase.org). The two mullets, Liza parmata and Valamugil persuii, usually 
occur in tropical and subtropical areas (Ian Harrison personal communication). Gerres 
oyena and Acanthopagrus schlegeli are common in Japan and Taiwan (Senta and 
Kinoshita, 1985; Kuo et al., 1999; Suda et al” 2002). The distribution pattern of Liza 
affinis is similar to those of G. oyena and A. schlegeli (Kuo et al., 1999; Fujita et al., 
2002). Although Clupeidae is widely distributed, the most abundant Clupeidae in the 
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present study, Konosirus punctatus, was found in large number only in Yingluo Bay (He 
and Fan，2002) and Japan (Senta and Kinoshita, 1985). Among the ten most abundant 
species reported in the present study, six are common species in subtropical and tropical 
areas and four occur mainly in temperate and subtropical areas. This pattern has also 
been reported by other investigators. Both tropical and temperate reef species can be 
found in Hong Kong reefs, but there is a dominance of tropical species (Sadovy and 
Cornish, 2000). Ni and Kwok (1999) recorded 834 fish species in Hong Kong waters. 
Among those 834 species, more than 700 have also been found in the South China Sea 
(tropical area) and only about 160 species have been recorded in the Yellow Sea 
(temperate area). Sadovy and Cornish (2000) also stated that reef fish assemblage in 
Hong Kong has a strong affinity to tropical area. 
Gobiidae, Mugilidae and Carangidae were recorded as the most diverse families 
in the present study. Gobiidae is the most species-rich family in some Indo-Pacific 
regions (e.g. Blaber and Milton, 1990; Ronnback et al., 1999; Fujita et al., 2002)，but 
Mugilidae and Carangidae have never been reported as diverse families except in 
Taiwan. Gobiidae, Mugilidae and Carangidae were reported as the most diverse 
families in some Taiwan studies (e.g. Kuo and Shao, 1999; Lin and Shao, 1999). 
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Furthermore, most of the dominant species recorded in the present study also dominated 
samples collected in Taiwan. These findings suggest that the fish assemblage in Hong 
Kong waters is similar to those in Taiwan waters. Indeed, Ni and Kwok (1999) found 
that the similarity between fish assemblages in Hong Kong waters and Taiwan waters is 
greater than that between Hong Kong waters and the South China Sea. 
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Chapter 3 Mangroves as fish nurseries: a case study in subtropical 
southeastern China 
Introduction 
Nursery habitats are critical for fishes because they provide refuge for these 
organisms to pass through one of the most vulnerable stages of their life. 
Deterioration of nursery habitats may eventually affect fish populations. Indeed, 
the vital linkage between nursery habitats and fish populations has already been 
demonstrated in the Caribbean Sea. Mumby et al. (2004) has speculated that 
depletion of the rainbow parrot fish population was caused by the degradation of 
their nursery habitats. To determine the nursery value of a habitat, its unique 
characteristics should be defined. According to Beck et al. (2001), juvenile fish 
should have higher density, growth rate or survival rate in nursery habitats than in 
other habitats. Furthermore, juveniles living in nurseries should provide the most 
important recruitment for the adult or subadult populations (Beck et al., 2001). 
Mangrove habitats are considered to be important nurseries for fishes 
worldwide (e.g. Sasekumar et al., 1992; Tzeng and Wang, 1992; Louis et al., 1995; 
Laegdsgaard and Johnson, 1995; Kuo et al., 1999; Nagelkerken and van der Velde, 
2002; Ikejima et al., 2003; Mumby et al., 2004). Fish densities have been shown to 
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be higher in mangroves than in other habitats in many parts of the world (Robertson 
and Duke, 1987; Thayer et al., 1987; Chong et al.，1990; Morton, 1990; Nagelkerken 
and van der Velde, 2002). The complex structures of mangroves may provide 
refUge for juvenile fishes (Thayer et al., 1987; Robertson and Blaber, 1992; 
Ronnback et al., 1999; Blaber, 2000). Detritus and associated organic matter are 
abundant in mangroves and these organic rich conditions may increase the feeding 
opportunities for juvenile fishes (Chong et al., 1990; Kuo et al., 1999; Blaber, 2000). 
Decomposing mangrove leaves have also been shown to function as attractant for 
fishes (Rajendran and Kathiresan, 1999). Juvenile fishes living in mangroves also 
had higher survival rate and gut fullness value than those living in other habitats 
(Laegdsgarrd and Johnson, 2001). These findings seem to support the nursery role 
of mangroves. 
While many investigators have claimed that mangrove areas are important fish 
nurseries, it must be noted that most of the claims are not based on comparative 
studies (e.g. Tzeng and Wang, 1992; Louis et al., 1995; Kuo et al.，1999; Ikejima et 
al., 2003). Some studies have compared fish communities between mangroves and 
other habitats, but only a few of them have used the same sampling protocol in the 
habitats studied (Robertson and Duke, 1987; Nagelkerken and van der Velde, 2002; 
Mumby et al., 2004). Furthermore, some studies have even reported lower fish 
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densities in mangroves than in non-mangrove habitats (Little et al.’ 1988; Sheridan, 
1992; Williamson et al., 1994; Pinto and Punchihewa, 1996; Weerts and Cyrus, 2002; 
Huxham et al., 2004). In fact, the nursery values of mangroves may vary greatly 
between or within regions (Robertson and Blaber, 1992; Baran and Hambrey, 1998; 
Hindell and Jenkins, 2004). Environmental factors, the effects of which can be as 
important as the presence of mangroves, are usually ignored in most of the studies on 
mangrove fish communities (Beck et al., 2001). 
In subtropical Asia, mangrove and estuarine fish communities have been 
examined in Taiwan and Guangxi (Tzeng and Wang, 1992; Kuo and Shao, 1999; Kuo 
et al., 1999; Fan et al., 1998; He and Fan, 2002). Unfortunately, no study has been 
undertaken to compare the fish communities between mangroves and other potential 
nursery habitats, and no study has been conducted to compare the growth or survival 
rate of juvenile fishes between mangroves and other potential nursery habitats. As 
a result, the values of the potential nurseries such as mangroves in subtropical Asia 
are still ambiguous. In China and Hong Kong, overfishing and destructive fishing 
practices are threatening the fish communities (Fan et al., 1996; Wilson, 1997; 
Sadovy, 1998). Meanwhile, mangroves are degrading at an alarming rate due to 
urban development (Tarn and Wong, 2000; Zhao and Wang, 2000). Thus, there is 
an urgent need to evaluate the functions of different potential nurseries, especially 
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mangroves, in this region. The first step to achieve this goal is to conduct a 
meaningful comparison of biotic parameters, such as fish densities and fish 
compositions, among different potential nurseries, such as mangroves, mudflats and 
sandflats. 
This is the first study to compare the fish assemblages between mangroves and 
other potential nursery habitats in subtropical Asia. Fishes in all habitats were 
collected using the same sampling method. The aims of the study are to: (1) 
describe the species composition and seasonality of the fish communities in 
mangrove, mudflat and sandflat, (2) compare the fish compositions, fish assemblages 
and fish densities among these habitats, (3) examine how fish communities are 
affected by environmental factors, and (4) assess the nursery values of these habitats 
based on differences in fish densities and other parameters. Data obtained from this 
study will contribute to our knowledge on the habitat requirements of juvenile fishes 
and allow us to evaluate the nursery fimctions of mangroves. 
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Materials and methods 
Study sites, fish sampling methods and laboratory analysis 
Detailed description of the study sites and field and laboratory methods are presented 
in the "Materials and methods" section of Chapter 2. 
Physical parameters 
Water temperature and salinity were measured in situ by electronic thermometer, and 
refractometer, respectively. Water samples were collected using dark bottles and 
returned to the laboratory in an icebox. In the laboratory, turbidity of the water 
samples were measured with a Hydrolab® H20 multiprobe (with Surveyor III data 
logger). All physical parameters mentioned above were recorded in triplicates 
during each sampling. Sediment samples were also collected in triplicates at all 
sites seasonally. After collection, the sediment samples were kept in an icebox and 
returned to the laboratory. In the laboratory, about 15 g of wet sediment was 
oven-dried at 1 0 5 � C for 24 hours. The dry sediment with known dry weight was 
then combusted in a furnace at 500 °C for 18 hours. The weight lost after 
combustion was regarded as the weight of organic content in the sediment. 
Sediment organic matter (SOM) was expressed as a percentage of the original dry 
sediment weight. The remaining wet sediment was used for particle size analysis. 
3 7 
Since there was no reason to expect that the particle size of the sediment would 
change with seasons, only sediment samples from spring were analysed. About 10 
g of oven-dried sediment was wet-sieved through sieves (mesh size = 2 mm, 0.5 mm 
and 63 ji m). The sediments was classified as gravel (>2 mm), coarse sand (0.5 - 2 
mm), fine sand (63 fim - 0.5 mm) and silt-clay (<63 [im). Sediment retained on 
different sieves was oven-dried and weighed to the nearest 0.1 mg. The amount of 
different-size particle in the sediment was expressed as the percentage of the original 
dry weight. A 1 m ruler was used to measure the water depths (maximum sampling 
depths) at the deepest point in the area swept by the seine net at each sampling site. 
Water depth measurements were collected only once at each site because fish 
sampling was always conducted at similar tidal level. 
Data analysis 
The maturation sizes of the fish species captured in the present study were poorly 
known. To determine the life history stages of fish species with unknown 
maturation size, the approach of Nagelkerken and van der Velde (2002) was followed. 
Fishes with length smaller than 1/3 of the maximum length reported for the species 
were regarded as juveniles. Maximum and maturation size data of each species 
were obtained from FishBase (Froese and Pauly, 2004) and other literatures (e.g. 
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Sadovy, 1998; Shen et al., 1993). Unknown gobiids were not included in the 
examination. 
Two-factor ANOVA was used to compare fish densities, fish biomasses, species 
numbers of fishes and different physical parameters among sites and periods. The 
physical parameters were: temperature, salinity, turbidity and SOM. The data of 
Tolo Harbour and Port Shelter were analysed separately because of the differences in 
sampling efforts. The densities of each of the twenty most common species that 
occurred in both mangrove and non-mangrove habitats in Tolo Harbour were also 
compared using two-factor ANOVA. The same analyses were conducted for the 
eleven most abundant species that occurred in both mangrove and non-mangrove 
habitats in Port Shelter, with sites and seasons as fixed factors. Tukey-Kramer tests 
were performed to compare the means when significant treatment effects were found. 
Before all analyses, the data were log-transformed using log n or log (n+1) to reduce 
non-normality and stabilize variances, if necessary (Zar, 1999). 
Similarities of the fish communities between different site/time combinations 
were calculated using Bray-Curtis similarity coefficient. Log-transformed (log n+1) 
fish abundance data were used for the calculation to minimize the effect of large 
value (Clark & Warwick, 1994). Cluster analysis (group average cluster mode) was 
performed to classify the fish assemblages of different site/time combinations based 
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on the Bray-Curtis similarity coefficient. SIMPER analysis was performed to 
identify the species responsible for the groupings determined by clustering. 
PRIMER computer programme (Clark & Warwick, 1994) was used to conduct the 
clustering and SIMPER analyses. 
Pearson correlation analyses were used to examine the relationships between the 
abiotic and biotic data for different site/time combinations. For each site/time 
combination, mean and total fish abundance, mean and total fish biomass and mean 
and total fish species number were correlated against mean temperature, mean 
salinity, mean turbidity and mean SOM. Since SOM were recorded seasonally and 
biotic data were recorded monthly in Tolo Harbour, only biotic data for months with 
SOM data were used to calculate the correlation between SOM and biotic data. The 
data collected from Tolo Harbour and Port Shelter were analysed separately. For 
each site, mean fish abundance, mean fish biomass and average individual fish 
weight were correlated against maximum sampling depth and sediment particle size. 
Log-transformed data were used to conduct the correlation analyses if necessary. 





Physical parameters recorded in the two harbours varied among sites and periods. 
The values of all physical parameters are shown in Fig. 3.1a-d and 3.2a-d and results 
of the two-factor ANOVA are listed in Table 3.1. In Tolo Harbour, temperature, 
salinity, turbidity and SOM varied significantly with time. SOM and turbidity 
showed significant differences between the two sites. Water temperatures recorded 
between May and October were significantly higher than those recorded between 
November and March (Fig. 3.1a, Table 3.1). The highest mean value of 34.7°C 
was recorded at SB in August. The highest mean value at KL was recorded in June 
(32.6°C). The lowest mean value of 18.1 °C was recorded in January at both sites. 
Salinities were significantly lower in the summer months (Fig. 3.1b, Table 3.1). 
The lowest mean salinities, 3.7%o at KL and 8.0%o at SB, and the highest mean 
values, 33%o at KL and 33.7%o at SB, were recorded in September and January, 
respectively. Turbidity values recorded at KL were similar to those recorded at SB. 
However, extremely high mean values (27.8 NTU in June and 38.8 NTU in 
September) were recorded at SB (Fig. 3.1c), and turbidity was significantly higher at 
SB than at KL (Table 3.1). Nevertheless, significant differences between the two 



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































also revealed that the significant temporal difference in turbidity was caused by the 
high value in June. Despite the two extreme values, mean turbidity values ranged 
between 3.2 NTU and 11.4 NTU at SB. At KL, mean turbidity values ranged 
between 2.8 NTU and 11.2 NTU. SOM were examined seasonally and values were 
significantly higher at KL than at SB (Fig. 3.Id, Table 3.1). Temporally, values in 
autumn and winter were significantly higher than value in spring. 
All physical parameters were recorded seasonally at all sites in Port Shelter. 
Water temperature was significantly higher in summer, but no significant spatial 
difference was found (Fig. 3.2a, Table 3.1). Salinity was significantly higher at SH 
than at NW (Fig. 3.2b). Temporally, salinity was significantly lower in summer 
than in winter and autumn. Turbidity showed significant temporal variations with 
higher summer value (Table 3.1). Spatially, turbidities were significantly higher at 
WC and NW than at SH. SOM values did not vary temporally, however, value at 
NW was significantly higher than values at WC and SH (Table 3.1). Moreover, 
SOM value was significantly higher at WC than at SH. 
Maximum sampling depth and sediment grain size differed among the five sites 
(Table 3.2). KL, SB, NW and WC had similar maximum sampling depths. SH 
had greater maximum sampling depth than the other sites. Gravel (> 2 mm) was 
not common at all sites, but still accounted for 16% of all sediment by weight at SB. 
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Table 3.2. Proportion of different sediment size and maximum water depth at each 
sampling site. SB: Starfish Bay, KL: Kei Ling Hai Lo Wai, WC: Wong Chuk Wan, 
SH: Sha Hai, NW: Nam Wai. 
Tolo Harbour Port Shelter 
Sediment size (mm) ^ ^ NW WC SH 
> 2 3% 16% 1% 0% 6% 
2 > x > 0.5 30% 48% 9% 24% 82% 
0.5 > X > 0.063 54% 26% 23% 67% 10% 
< 0.063 14% 10% 68% 9% 2% 
Maximum sampling depth (m) ^ 0 3 0.3 0.2 1.3 
52 
Coarse sand (0.5 - 2 mm) was the dominant component at SB (48%) and SH (82%). 
Fine sand (63 �czm - 0.5 mm) was the dominant sediment type at KL (54%) and WC 
(67%), and the second most important component at SB (26%) and NW (23%). 
The highest silt-clay content (< 63 ji m) was recorded at NW (68%), and the lowest 
value was recorded at SH (2%). 
Fish composition 
A total of 85,427 fishes belonging to 76 species and more than 29 families were 
collected between March 2002 and February 2003 at the five sites (Table 3.3). In 
Tolo Harbour, the glassperch, Ambassis gymnocephalus, was the most abundant 
species numerically, followed by Sillago sihama, Konosirus punctatus, Liza affinis, 
Gerres oyena, L parmata, Acanthopagrus schlegeli, Pseudogobius javanicus, G 
fllamentosus and Zenarchopterus striga. In terms of biomass, glassperch was still 
the most abundant species, followed by L affinis, Valamugil persuii, K. punctatus, Z 
striga, S. sihama, Terapon jarbua, A. schlegeli, Leiognathus brevirostris and L. 
parmata. 
In Port Shelter, L parmata was the most abundant species numerically, 
followed by S. sihama, V. persuii’ R javanicus, G oyena, T. jarbua, L affinis, 



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































persuii was the most dominant species, followed by L. parmata, G oyena, M. 
cephalus, S. sihama, L affinis, T. jarbua, Sphyraena barracuda, P. javanicus and G 
filamentosus. 
At each site, usually more than half of the species collected consisted of 
juvenile only (Table 3.3). However, this pattern was not recorded at SH. Among 
the five sites, the highest average individual fish weight was recorded at SH (Table 
3.3). In general, piscivorous fish abundance was lower in mangrove than in 
non-mangrove habitats, and the highest piscivorous fish abundance was recorded at 
SH (Table 3.3). 
Fish density, biomass and species number 
Results of the two-factor ANOVA revealed significant differences in fish density, 
biomass and species number among sites and periods (Table 3.4). Generally, fish 
densities were higher in mangrove mudflats than in non-mangrove habitats (Fig. 3.3a, 
f). In Tolo Harbour, fish density was significantly higher at KL than at SB (Fig. 
3.3a, Table 3.4). Nevertheless, after excluding the data for glass perch, no significant 
spatial difference in fish density was detected (Fig. 3.3b, Table 3.4). Significant 
temporal differences in fish densities were also detected with low values being 























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































to that in fish abundance, although no significant temporal difference was recorded 
(Fig. 3.3c, Table 3.4). Number of species varied significantly temporally, but not 
spatially (Fig. 3.3d, Table 3.4). In Port Shelter, fish density was significantly higher 
at NW than at SH (Fig. 3.3f, Table 3.4). Significant temporal variation in fish density 
was also detected (Table 3.4) with the lowest value in spring and the highest value in 
winter (Fig. 3.3f). Species number was significantly higher at NW than at WC, but 
no temporal difference was recorded (Fig. 3.3h, Table 3.4). Fish biomass was 
significantly lower at WC than at SH and NW (Fig. 3.3g, Table 3.4). No obvious 
spatial and temporal variations in total species number were detected in Tolo Harbour 
(Fig. 3.3e) and Port Shelter (Fig. 3.3i). However, total species numbers were 
usually lower at WC than at NW and SH (Fig. 3.3i). 
Assemblage structure 
Fish assemblages were classified into three main groups (groups I，II and III) at a 
similarity level of ca. 37% (Fig. 3.4). Group III was further divided into groups IV 
and V at a similarity level of ca. 42%. Groups IVa and IVb were then formed at a 
similarity of ca. 50%. Group I consisted of samples collected between January and 
May from Tolo Harbour. The spring sample from WC and the June sample from 

























































































































































































































































































IVa comprised samples obtained between July and October from SB and the summer 
samples from WC. Group IVb consisted of the KL samples collected between June 
and December, and also the summer samples from NW. Group V contained 
samples collected from NW in spring, autumn and winter, WC in autumn and winter 
and SB samples collected between November and December. 
SIMPER analysis revealed that dominant species were responsible for the 
similarities within each group (Table 3.5a). L. affinis, A. schlegeli, S. sihama, V. 
persuii and several other species were responsible for the similarities within group I. 
G oyena, S. aeolus, S. sihama’ K gymnauchen and T. jarbua contributed to the 
similarities within group II. S. sihama, G filamentosus and other less dominant 
species were responsible for the similarities within group IVa. The similarities 
within group IVb were mainly due to A. gymnocephalus, S. sihama, R javanicus and 
L parmata. S. sihama, V persuii, L parmata, E gymnauchen and T. jarbua were 
the dominant species in group V and they also contributed to the similarities within 
this group. Species responsible for the dissimilarities between groups were also 
identified by SIMPER analysis (Table 3.5b). The analysis revealed that species 



























































































































































































































































































































































































































































































































































































































































































































































Distribution and seasonality of dominant species 
In Tolo Harbour, 61 fish species were captured and 36 species were common to both 
sites (KL and SB). Eleven and fourteen species were exclusive to KL and SB, 
respectively. Except for P. javanicus, all exclusive species were rare species and 
each species accounted for less than 1% of the catches in Tolo Harbour. In Tolo 
Harbour, the twenty most abundant species that occurred in both mangrove and 
non-mangrove habitats accounted for more than 98% of the total catches. Results 
of two-factor ANOVA revealed that the abundance of some of these species differed 
spatially and/or temporally (Table 3.4). Numerically, six species, including A. 
gymnocephalus, G oyena, L parmata, L brevirostris, goby 1 and Acanthopagrus 
latus, were significantly more abundant at KL than at SB (Fig. 3.5a, e, f, n, p and r. 
Table 3.4). In contrast, seven species, including S. sihama, L affinis, S. aeolus, M. 
cephalus, Takifugu niphobles, T. jarbua and Rhabdosargus sarba, were significantly 
more abundant at SB than at KL (Fig. 3.5b, d, k, o，q, s and t. Table 3.4). 
Abundance of the remaining seven species did not differ significantly between sites 
(Table 3.4). 
In Port Shelter, 53 fish species were recorded. Eleven, thirteen and four 
species were exclusive to NW, SH and WC, respectively. While only eleven 


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































and non-mangrove habitats. The eleven most abundant species that occurred in 
both mangrove and non-mangrove habitats were subjected to two-factor ANOVA 
with sites and seasons as fixed factors (see Table 3.4). Results of two-factor 
ANOVA revealed that L parmata and G filamentosus were significantly more 
abundant at NW than at the other two sites (Fig. 3.6a and i，Table 3.4). V. persuii 
and L affinis were significantly more abundant at the two mangrove sites (Fig. 3.6b 
and e, Table 3.4). G oynea and T. jarbua were significantly more abundant at SH 
(Fig. 3.6k and d, Table 3.4). S. sihama was significantly more abundant at WC (Fig. 
3.6c, Table 3.4). Abundance of the other four dominant species, E gymnauchen, M. 
cephalus, A. latus and A. schlegeli, did not vary significantly among sites (Table 3.4). 
S. aeolus was one of the most dominant species that could be found in both habitats 
in Port Shelter. However, it was not included in the ANOVA analysis because only 
one individual was captured at WC and none was captured at NW. 
Some of the dominant species in Tolo Harbour were also abundant in Port 
Shelter, and some of these species showed specific habitat preferences. P. javanicus 
was found in mangrove habitats only. L parmata, A. gymnocephalus, A. latus and 
Z striga were more abundant in mangrove habitats. Small juveniles of L afflnis, M. 
cephalus and V. persuii were most abundant in mudflat habitats. T, jarbua was 
more abundant in non-mangrove habitats. 
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On the other hand, most of the dominant species showed distinct seasonal 
variations in abundance. M cephalus, A. schlegeli and R. sarba juveniles were 
most abundant in early spring, while L affinis mainly occurred in mid spring. 
Juveniles of K. punctatus and Gerres oblongus were most abundant in early summer. 
Peak abundance of S. aeolus juveniles occurred in May in Tolo Harbour. However, 
juveniles of this species were most abundant in winter in Port Shelter. Juveniles of 
T. jarbua and G. filamentosus were most abundant in summer. Small juveniles of A 
gymnocephalus and G oynea were most abundant in summer in Tolo Harbour. 
Large juveniles of the latter species were most abundant in autumn in Port Shelter. 
K gymnauchen, L parmata and V. persuii were most abundant in autumn and winter, 
but F. gymnauchen were found in both harbours all year round. Peak abundance of 
S. sihama and L brevirostris juveniles occurred in autumn. However, juveniles of S. 
sihama were found in both bays year round. A. latus and T. niphobles juveniles 
were most abundant in winter. Results of the two-factor ANOVA also revealed the 
seasonality of some of these species (Table 3.4). 
Relationships between abiotic and bio tic factors 
Significant correlations were recorded between some of the abiotic and biotic factors 


























































































































































































































































































































































































































































































and total species number. Turbidity correlated positively with mean species number. 
In Port Shelter, SOM correlated positively with fish abundance. On the other hand, 
the average weight of individual fish per site correlated positively with maximum 
sampling depths of the sites (Table 3.7). 














































































































































































































































































































































Meaningful evaluation of the function of marine nurseries should be done in a 
comparative manner (Beck et al., 2001). Samples should also be collected from 
different habitats by the same methodology (Beck et al., 2001). In the present study, 
a beach seine was used to sample fishes in all habitats. All samplings in mangrove 
habitats were conducted on mudflats adjacent to or in front of the mangrove forest 
during low tide when water had receded from the mangrove forest. In other habitats, 
samplings were carried out during low tide. This sampling strategy prevented 
sampling and tidal biases, and permitted comparison between different habitats. 
However, both Beck et al. (2001) and Sheridan & Hay (2003) argued that sampling 
fishes in areas adjacent to mangroves instead of inside mangrove forests is not 
adequate for exploring the nursery function of mangroves. Nevertheless, shallow 
waters adjacent to mangroves provide alternate habitats for fishes when mangrove 
forests are not submerged during low tide (Laegdsgaard and Johnson, 1995). In 
addition, fishes collected in mangrove forests by fyke net have been shown to be 
similar to those captured in adjacent mudflats by beach seine (Clynick and Chapman, 
2002). Thus, sampling conducted in mudflat adjacent to mangrove is considered to 
be an appropriate method for surveying mangrove fishes, and this approach has been 
113 
used in numerous mangrove fish studies (e.g. Robertson and Duke, 1987; Little et al , 
1988; Nagelkerken et a l , 2001; Ikejima et al., 2003). 
Monthly and seasonal variations 
In Port Shelter, significantly higher fish abundance was recorded in summer, autumn 
and winter. In Tolo Harbour, fish abundance was significantly higher in July 
(summer) and October (autumn) than in April (spring) and June (summer), and in 
March (spring) and May (spring) than in April. Significant temporal variations in 
fish species richness were only detected in Tolo Harbour with significant difference 
between October and January. In other parts of the world, fish abundances in the 
shallow soft shore are usually more abundant during the wet and/or warm seasons 
(Robertson and Duke, 1987; Whitfield, 1989; Robertson and Duke, 1990; Harris and 
Cyrus, 1995; Laegdsgaard and Johnson, 1995; Laroche et al., 1997; Layman, 2000; 
Suda et al., 2002; Ikejima et al., 2003), and a similar trend has been found in some 
regions for fish species richness (Robertson and Duke, 1990; Laegdsgaard and 
Johnson, 1995; Laroche et al., 1997; Suda et al., 2002; Kuo et al., 2001; Fujita et al., 
2002). However, significant temporal variations in fish abundance and species 
richness are not always detected, and these two parameters can also peak at different 
times of the year (Senta and Kinoshita, 1985; Little, 1988; Harris and Cyrus, 1996; 
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Pinto and Punchihewa, 1996; Lin and Shao, 1999; Vilijoen and Cyrus, 2002; Barletta 
et al., 2003; Pessanha and Araujo, 2003). In fact, seasonal fluctuations in fish 
community structure in shallow coastal habitats are affected by the recruitment 
processes of different fish species (Little, 1988; Harris and Cyrus, 1996; Lin and 
Shao, 1999; Pessanha and Araujo, 2003). Lack of clear temporal variations in fish 
abundance and species number can also be explained by the successive recruitment 
pulse of different species (Little, 1988; Lin and Shao, 1999). In the present study, 
this process also exerted a great influence on the fish communities in the two bays. 
In Tolo Harbour, peak abundance occurred in July for Ambassis gymnocephalus and 
Gerres oyena, October for Sillago sihama and Liza parmata, March for Liza affinis, 
and May for Konosirus punctatus, Gerres oblongus and Sillago aeolus. No peak 
abundance of the dominant species could be found in April and June. Due to 
differences in the timing of recruitment, fish densities differed significantly among 
these months. In Port Shelter, higher abundance in summer, autumn and winter can 
be explained by the summer and autumn peaks of S. sihama and the winter peak of 
the mullet species. 
Inter-site variations 
Mangrove has long been considered to be important nurseries for fishes around the 
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world (e.g. Sasekumar et al., 1992; Tzeng and Wang, 1992; Louis et al., 1995; 
Laegdsgaard and Johnson, 1995; Kuo et al., 1999; Nagelkerken and van der Velde, 
2002; Ikejima et al.，2003; Mumby et al , 2004). One important reason is that large 
number of juvenile fishes can be found in this habitat. Most of these studies have 
been, unfortunately, conducted in a non-comparative manner (e.g. Tzeng and Wang, 
1992; Louis et al., 1995; Kuo et al., 1999; Ikejima et al, 2003). Some investigators 
have sampled fishes in mangrove habitats only (e.g. Kuo et al., 1999; Ikejima et al., 
2003), while others have used different sampling gears to collect fishes from 
different habitats (e.g. Thayer et al.，1987; Morton, 1990). Few studies have 
compared the fish assemblages between mangroves and non-mangrove habitats using 
the same sampling method (e.g. Robertson and Duke, 1987; Sheridan, 1992; Clynick 
and Chapman, 2002; Hindell and Jenkins, 2004; Mumby et al.，2004). Overall, the 
nursery function of mangrove is still being debated. In the present study, fish 
densities were higher in mangrove habitats than in non-mangrove habitats in both 
bays, and the majority of the fishes were juveniles. These results seem to support 
the view that mangroves are important nursery habitats for fishes. Nevertheless, 
among the abundant species, only one goby species were found exclusively in 
mangroves. Both adults and juveniles of this species were found in the mangrove 
sites, suggesting that this species is highly likely to be a mangrove resident rather 
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than a temporary transient. A. gymnocephalus accounted for nearly 70% of the 
catches at KL. After excluding the data for this species, difference in fish densities 
between mangrove and non-mangrove habitats in Tolo Harbour was small and 
insignificant. Among the most abundant species, six species {A. gymnocephalus, G 
oyena, L. parmata, Leiognathus brevirostris, goby 1 and Acanthopagrus latus) in 
Tolo Harbour and two species {Valamugilpersuii and L affinis) in Port Shelter were 
significantly more abundant in mangrove habitats than in non-mangrove habitats. 
In contrast, seven species {S. sihama, L affinis, S. aeolus, Mugil cephalus, Takifugu 
niphobles, Terapon jarbua and Rhabdosargus sarbd) in Tolo Harbour and two 
species (G oynea and T. jarbua) in Port Shelter showed a reverse pattern. The 
remaining abundant species showed no significant differences in abundance between 
mangrove and non-mangrove habitats. Higher fish abundance in mangrove habitats 
was, therefore, contributed by only certain species (e.g. A. gymnocephalus). As 
mentioned in previous studies, mangrove dependence of fishes is species-specific 
(Nagelkerken et al., 2000b; Hindell and Jenkins, 2004). Moreover, for some 
species, the reliance on mangroves appears to be site-specific in the present study. 
L. affinis was more abundant at the mangrove sites in Port Shelter, but more 
abundant at the non-mangrove site in Tolo Harbour. L parmata was found in huge 
numbers at NW, but was uncommon at WC. According to Hindell and Jenkins 
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(2004), the nursery value of mangrove is influenced by its location. 
Clustering analyses separated the fish assemblages of different site/time 
combinations into five groups. Samples from mudflat sites of similar 
months/seasons were usually arranged into the same group. SIMPER analysis 
revealed that dominant species usually accounted for the similarities within groups 
and dissimilarities between groups, and these dominant species were usually the 
newly recruited juveniles with strong seasonality. During the spring and winter 
months, the dominant species at SB were similar to those at KL, WC and NW. 
Similarly, the dominant species in the summer samples of WC also dominated the 
fish communities at SB between July and October. Although fish assemblages at 
SH were always different from those at the other sites regardless of seasons (group II) 
and most samples from KL (between June and December) were classified into group 
IVb with the summer sample of NW, classification of the remaining groups was 
mainly based on temporal effects, and samples from mangrove and non-mangrove 
habitats were aggregated (groups I，IVa and V). These results reveal that fish 
assemblages in the non-mangrove mudflat (SB) were similar to those in the 
mangrove mudflats (KL, NW and WC). In particular, these results suggest that the 
presence of mangroves may not be the only factor affecting the fish assemblages in 
different shallow soft-bottom habitats. 
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Relationships between abiotic and biotic parameters 
Meiobenthos, which are the major food items for juvenile fishes (Coull et al., 1995; 
Coull, 1999)，are more abundant in organically-rich sediment (Coull, 1999). The 
availability of benthic prey is also lower in sandy bottom than in muddy bottom 
because meiobenthos can distribute deeper in sand and become less available to the 
predators (Smith and Coull, 1987; Coull, 1999). The dominant substrate at SH is 
coarse sand. In contrast, fine sand and silt-clay are the major substrate at WC and 
NW. Also, the level of SOM was much lower at SH than at WC and NW. 
Availability of meiobenthos is, therefore, likely to be higher at NW and WC than at 
SH, partly accounting for the higher abundance of fishes at NW and WC. On the 
other hand, fishes in coastal zone have been shown to associate with organic rich 
areas (Robertson and Duke, 1987; Laegdsgaard and Johnson, 1995; Whitfield et al., 
1994; Kuo et al., 1999). Organic-rich condition is important for mullets, the most 
dominant fishes in Port Shelter, because most of these species are detritivorous, or 
more precisely, iliophagous (Blaber, 1976; Blaber and Whitfield, 1977; Chong, 1977; 
Blaber, 2000). Mugilids are also believed to prefer shallow environment with 
organic rich substratum (Blaber, 2000). This may partly explain the significant 
positive correlation between fish abundance and SOM in Port Shelter. 
Fish community at the mangrove site in Tolo Harbour was dominated by the 
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planktivorous A. gymnocephalus. However, this species feeds mainly at night 
(Martin and Blaber, 1983) and there is no evidence to indicate that zooplanktons, the 
main food items for A. gymnocephalus and some juvenile fishes (Martin and Blaber, 
1983; Nip et al., 2003), are more abundant in mangrove habitats than in 
non-mangrove habitats (Robertson et al., 1988). Unlike Port Shelter, sediment sizes 
at the mangrove and non-mangrove sites were similar in Tolo Harbour. Although 
SOM values were always higher at the mangrove sites than at the non-mangrove sites, 
the difference was small in Tolo Harbour. Therefore, food availability may not 
explain the higher abundance of fishes at KL. According to an isotope analysis 
conducted in Hong Kong mangrove (Lee, 2000), organic matter originated from a 
local river, instead of mangrove-derived nutrient, formed the major energy sources 
for mangrove fauna, including some mangrove fishes. Preliminary gut content 
analysis of the juvenile fishes captured at KL and SB also suggested that the fishes 
were obtaining enough food despite their habitats (Nip, unpublished data). These 
results reflect that mangroves are not particularly important for providing feeding 
area for fishes. 
In the present study, small creeks drain into all sampling sites, discharging large 
amount of freshwater especially in the wet season. In Port Shelter, salinity was 
usually lower at NW and WC than at SH, and fish abundance correlated negatively 
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with salinity. In fact, freshwater discharge, which is usually indicated by a decrease 
/ 
in salinity of coastal waters, may enhance fish abundance in the shore areas by 
providing nutrient resources (Whitfield et al., 1994; Grimes and Kingsford, 1996; 
Grange et al., 2000). In addition, freshwater discharge is believed to provide the 
olfactory cue for the recruitment of fish larvae from offshore areas to the coastal 
nursery habitats (Hams and Cyprus, 1996; Whitfield, 1999; Strydom, 2003). In 
Tolo Harbour, no negative correlation was found between fish abundance and salinity. 
Also, salinity did not differ significantly between KL and SB, indicating that 
freshwater discharge cannot explain the differences in fish assemblages between KL 
and SB. 
High abundance of fishes in the mangrove habitat in Tolo Harbour was mainly 
caused by A. gymnocephalus. After excluding this species, no significant difference 
was found between the fish abundances at KL and SB. Ambassids usually prefer 
sheltered (Shao and Chen, 2003) and structurally complex areas (Laegdsgaard and 
Johnson, 2001). Pneumatophores, prop roots, tree trunks and falling branches in 
mangroves may provide this kind of environment (Robertson and Blaber, 1992). In 
fact, this species was either absent or rare in the non-mangrove habitats in both Tolo 
Harbour and Port Shelter. 
Piscivorous fishes have been shown to be rare in some mangrove habitats 
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(Ronnback et al., 1999; Vance et al , 1996). The structurally complex environment 
in mangroves may reduce the feeding efficiency of piscivorous fish (Ronnback et al., 
1999) by providing refuge for small juvenile fishes (Robertson and Blaber, 1992; 
Ronnback et al.，1999). This speculation has been widely quoted as a strong 
argument for the nursery function of mangrove (Robertson and Blaber, 1992; Blaber, 
2000). Indeed, a recent study has shown that the mortality of tethered small 
juvenile fish was lower in mangrove habitats than in non-mangrove open habitats 
(Laegdsgaard and Johnson, 2001). The number of piscivorous fish was lower in 
mangrove habitats than in non-mangrove habitats in both Tolo Harbour and Port 
Shelter. Lower predation risk may, therefore, account for the higher abundance of 
small fishes (e.g. A. gymnocephalus) in mangrove habitats. 
High abundance of piscivorous fishes was recorded at SH where water depth is 
greater. Piscivorous fish abundance has been shown to increase with water depth 
(Ruiz et al., 1993; Paterson and Whitfield, 2000). Decreased feeding efficiency 
may account for their low abundance in shallow waters (Ruiz et al.，1993). In 
addition, the mean weight of individual fish at each site correlated positively and 
significantly with maximum sampling depth, and the highest mean weight of 
individual fish (1.44 g) was recorded at SH. Small fishes, such as juvenile mullets, 
glassperch and small whiting juveniles, were either absent or uncommon at SH. 
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Larger fishes are less vulnerable to piscivorous fishes (Ruiz et al., 1993; Laegdsgaard 
and Johnson, 2001) and able to explore deeper waters (Ruiz et al., 1993). Small 
juveniles may move to shallow waters to avoid predators (Blaber, 2000). Because 
the density of piscivorous fishes increases with water depth (Ruiz et al., 1993; 
Paterson and Whitfield, 2000), predation risk for small fishes may be higher at SH 
than at other sites, and this may explain the low fish abundance at SH. 
Water temperature is also important in structuring the fish assemblages in 
mangroves, estuaries and coastal zones (Whitfield, 1999; Blaber, 2000). In the 
present study, however, the influence of temperature on the spatial distribution of 
fishes is not clear because no significant spatial variation was found for this factor. 
High turbidity may decrease the predation risk for small fishes and is believed to 
have a positive effect on fish abundance (Blaber, 2000). Nevertheless, in the 
present study, no significant relationships could be established between fish 
abundances and turbidities in both bays. This implies that turbidity is not always 




Fish densities were higher in mangrove habitats than in non-mangrove habitats, but it 
is still difficult to conclude that mangroves in Hong Kong are more important fish 
nurseries than other non-mangrove habitats. Only a few of the dominant species 
showed significantly higher abundance in mangrove habitats than in non-mangrove 
habitats. In addition, fish assemblages in mangrove and non-mangrove mudflats 
were quite similar as indicated by the multivariate analysis. Although low 
abundance of piscivorous fish has been recorded in structurally complex mangrove 
habitats, only certain species (e.g. A. gymnocephalus), as indicated by their 
abundances in different habitats, seem to depend on this heterogeneous environment. 
Many environmental factors, such as SOM and water depth, may influence fish 
communities, and the presence of mangrove may not be the ultimate factor that 
determines the distribution of most species. In fact, the result of nursery value 
assessment is depended on the kind of habitat the mangrove site is compared to. 
Results of the present study show that the nursery value of mangrove appears to be 
site-specific and species-specific. Obviously, more studies have to be conducted 
before a definitive conclusion can be made on the nursery function of Hong Kong 
mangroves. Compared to shallow mudflats (both mangrove and non-mangrove), 
deep water sandy beaches may be less suitable for small juvenile fishes because of 
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Chapter 4 General discussion 
Mangroves are unique, productive and important habitats worldwide. They have 
been utilized as aquaculture areas and timber-harvesting areas in certain parts of the 
world (Chan et al., 1993). Besides, they are also important fishing ground (Chan et 
al.，1993; Fan et al., 1996; Kathiresan and Rajendran, 2002). Ecologically, they 
have been considered to be important habitats for birds (Tsim and Lok, 2002)，fishes 
and crustaceans (Chong and Choo, 1999; Robertson and Blaber, 1992; Kathiresan 
and Bingham, 2001). Because many fishes may "depend" on mangroves, clearance 
of mangrove may reduce or destroy the whole population of these species. 
According to Mumby et al. (2004), the rainbow parrot fish, Scarus guacamaia, 
depend on mangrove as nursery and adults are absent in coral reef with no mangrove 
nearby. In the present study, the goby Pseudogobius javanicus, was found in 
mangrove habitats only. Other species including Ambassis gymnocephalus, 
Acanthopagrus latus, Zenarchopterus striga and Liza parmata were usually more 
abundant in mangrove than in non-mangrove habitats. These findings confirm the 
importance of mangroves to certain species. 
In the Indo-Pacific region, mangrove fish studies are concentrated in Australia 
(e.g. Robertson and Duke, 1987; Morton, 1990，Laegdsgaard and Johnson, 1995) and 
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tropical Asia (e.g. Chong et al., 1990; Sasekumar et al., 1992; Tongnunui et al., 2002). 
In subtropical Asia, most studies of mangrove fishes were conducted in Taiwan (e.g. 
Tzeng and Wang, 1992; Kuo et al., 1999). In mainland China, studies of mangrove 
fishes are scarce and literature information is restricted to those obtained recently 
from Yingluo Bay (e.g. Fan et al.，1998; He et al., 2001; He and Fan, 2002). 
Because mangroves in Hong Kong and China are degrading at an alarming rate due 
to urban development and human interference, data on the habitat requirements of 
mangrove fish are urgently needed (Chen, 2004). As mentioned in Chapter 2, the 
nursery function of mangrove appears to be site-specific (Hindell and Jenkins, 2004) 
and species-specific (Nagelkerken et al.，2000b; Hindell and Jenkins, 2004). More 
studies should be conducted in different parts of mainland China to identify the 
nursery function of mangroves. Data from these studies can be used by ecologists, 
decision makers and authorities to set up regulations and guidelines to protect 
essential habitats. 
While some studies of mangrove fishes have been conducted in subtropical Asia, 
those conducted in Taiwan are non-comparative studies based exclusively on one 
kind of habitat (e.g. Tzeng and Wang, 1992; Kuo and Shao, 1999; Kuo et al , 1999). 
Similarly, the studies conducted in Yingluo Bay, mainland China, were also carried 
out in mangrove habitats only (e.g. Fan et al., 1998; He and Fan, 2002). These 
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studies provide important information on species composition, assemblage structure 
and seasonality, but cannot provide data for assessment of the nursery functions of 
different habitats (e.g. mangrove and non-mangrove habitats). The present study 
represents the first attempt to provide data that can be used to compare the nursery 
functions of mangrove and non-mangrove habitats in the entire subtropical Asian 
region, including mainland China and Taiwan. 
In Port Shelter, fish abundance was higher in mangrove mudflats than in sandy 
beach. In Tolo Harbour, both non-mangrove mudflat and mangrove mudflat 
contained comparable fish densities after excluding Ambassis gymnocephalus. 
Some species were more abundant in mangroves than in non-mangrove habitats, 
while other species exhibited a reverse pattern. Besides, fish assemblages in 
mangrove and non-mangrove mudflats were quite similar as indicated by the 
multivariate analysis. This indicates that both mangrove and non-mangrove 
mudflats may serve similar function in the eastern part of Hong Kong. Further 
studies are needed to clarify the nursery function of mangrove and other shallow 
water habitats in southern China, including Hong Kong, to provide important 
scientific evidence for the protection of these habitats. 
In Hong Kong, only those habitats included in marine parks, marine reserve, 
special areas and country parks are adequately protected. Outside these areas, 
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important habitats such as mangrove, seagrass bed, mudflat and other unique areas 
are protected from urban developments by the Environmental Impact Assessment 
Ordinance. Unfortunately, only developments that are designated in the Ordinance 
are controlled. These developments are usually large in scale. Non-designated 
small scale projects are not regulated by this ordinance. Nevertheless, these small 
scale projects can be very destructive if sensitive areas are being affected. During 
the study period, a small mangrove area at NW was reclaimed and the whole affected 
area was eventually destroyed. Obviously, no legislation in Hong Kong can stop 
this kind of habitat destruction. 
Currently, only three mangrove areas are fully protected in Hong Kong. They 
are located in Mai Po, Hoi Ha Wan and Lai Chi Wo. Important mangrove and 
mudflat habitats, such as Ting Kok, Starfish Bay, Pak Nai and Tai O, are not 
protected. Small scale projects, such as the construction of “local villagers' house", 
and pollution activities, such as illegal sewage discharges, are continuously 
impacting these sensitive habitats. Large scale projects are also continuing to be 
built next to or even within mangroves and mudflats. For example, the Shenzhen 
Western Corridor is in the Pak Nai areas, close to Mai Po. The 
Shenzhen-Zhuhai-Macau Bridge will be built in the northern Lantau area and a large 
percentage of the soft-bottom habitats along the north shore of Lantau Island, such as 
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San Tau, may be disturbed. Clear evidence has shown that these projects may cause 
degradation of coastal habitats even when no direct impact has been imposed. For 
example, construction of the Hong Kong International Airport has altered the water 
quality in the Tung Chung area, and seagrass beds in Tung Chung are disappearing at 
an alarming rate in recent years during and after the construction of the airport. 
Clearly, more legislations are needed for the protection of these habitats in Hong 
Kong. 
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Chapter 5 General conclusions 
1. The nursery function of mangrove appears to be site-specific and 
species-specific. 
2. Environmental factors such as water depth and sediment organic matter (SOM) 
are likely to affect the nursery function of shallow habitats. 
3. Mangroves and shallow mudflats may serve as important fish nursery in Hong 
Kong. Deep water sandy beaches may be less suitable for small juvenile fishes 
because of their low SOM value and high piscivorous fish abundance. 
4. The goby Pseudogobius javanicus, occurs in mangrove habitats only. Ambassis 
gymnocephalus, Acanthopagrus latus, Zenarchopterus striga and Liza parmata, 
are usually more abundant in mangrove than in non-mangrove habitats. 
5. Most of the commercially important species are not more abundant in mangrove 
than in non-mangrove mudflat. 
6. Few similar studies have been carried out in subtropical Asia and further studies 
are needed to provide more scientific data for the authorities and decision makers 
to protect these habitats. 
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